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(54) Mass spectrometer having means for observing optical emission spectra 

(57) A substantially enclosed collision cell (8) containing a target gas is bounded by a wall (46) having an entrance aperture 
(47) and an exit aperture (29) through which an ion beam (5) may be passed, and has an observation region (15) therein 
adjacent to the entrance aperture with a first window (22) in the wall through which radiation generated in the observation 
region may pass, and, disposed adjacent to the exit aperture and in communication with the observation region, an exit 
region (16) comprising radiation-trapping means, such as a blackened interior Wall coating of colloidal graphite, for 
minimizing the transmission to the first window of radiation generated in the exit region. The collision cell may be 
incorporated in a conventional mass spectrometer, perhaps with other conventional collision cells. Light, eg. in the 180- 
680nm range, passing through the first window 21 may be transmitted through a polished tube 37 to a second window 44 in 
the mass spectrometer casing to a spectroscopic analyser 14, Figs 1 & 3 (not shown). 
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Mass spectrometer having means for observing "the 
radiation emitted when ions collide with a. tar get gas 

This invention relates to a mass spectrometer 
having means for observing the optical emission spectra 
resulting from the interaction of a mass selected ion 
beam with a collision target gas.' It is especially 
applicable to observation of the optical spectra from 
polyatomic organic ions. The invention also provides 
collision cell means which can be fitted to a 
conventional mass spectrometer to enable the emission 
spectrum of ions to be observed. 

Although the emission spectra of ions have been 
studied fofT many years, most observations have been ? . 
carried out v £or/.:ions ofL simple structure and of low^ 
molecular weight/: bf ten produced in discharges or by 
photoionizat^on. .Tfrere^a^e' few reports of the emission 
spectra" of ; poTyatomic ions generated by other means ^ such 
as the. direct electron beam ionization of a gaseous^ 
sample. j I r 

It is of course^ dif f icult to study both the 
emission and- adsorption spectra of molecular ions 
because the jdassical techniques used 'f or neutral 
molecules are not usually successful with ionic species. 
Leach {J..^ Chim.Phys/ .1980 vol 77 (778) pp 585-8). points 
out the difficulty of creating sufficiently high ion 
densities fdr sufficiently long durations to allow a 
spectrum to he recorded by conventional methods. Effects 
such as ion-electron recombination, ion-molecule 
reactions and spontaneous dissociation of the electronic 
excited states of many ions also seriously reduce the 
chance of recording the emission spectrum by 
conventional .means. However , Maier, Marthler, Misev and 
Thommeh (in Molecular Ions, geometric and Electronic 
Structures, *"Ed. Berkowitz, Sroeneveld, Plenum Press, New 
iYork, 1983 ) K /have described apparatus in which a sample 
gas introduced into ^a collision* region" wlthiTi a vacuum 
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system.. is bombarded with electrons of typically 20-40 eV 
to ionize the sample, and the emission of optical 
radiation. _by the ^sample ions so formed is detected by a 
monochr.omator and photomultiplier . Emission spectra 
haying, bands in the 250nm --900nm region of a wide range 
of simple ^orjganic -cat ions_( chiefly halogenated species 
up to about _C 1Q ) . have been reported. 

. „. r Klapstein, Maier and Misey c (in Molecular Tons, 
Structure_and Chemistry , Ed. Miller and~Bbndybey , North 
.Holland, ,1983,. pp 175-200) report a crossed-beam 
. - apparatus wherein a supersonic jet of a mixture of the 
sample _ = gas anc|_. helium is directed' perpendicularly across 
a pollimated electr.on beam within^ an evacuated 
enclosure. Optical radiation is extracted along an axis 
z . . _ mutually ^perpendicular i^o the molecular and electron 
brains, and enters "a monochromator and photomultiplier • 
■x , . ... Jiatada" Fuj.i^a/ Nakai , and Hirota "(JAERi; Issue 5026 
. pp-1-5) .fitted a quartz window to the ion source of an 
electron- impact ionization mass spectrometer and 
observed the emission spectrum of* species such as N 2 + and 
\ /..Cpt upon ^introduction of nitrogen, % nitrogen oxides, 
„ carbop v .mpnoxide, ^ low. molecular weight hydrocarbons and 
- acetone. Theyf concluded that it was impossible to 
. observe.^ emissions from complex ions in the ^excited state 
... because such ions often, reyerjt to "their ground states 
nonrradiatiyely . They also observed that the emissions 
from the fragment molecules' formed by dissociation were 
u - too, strong.,, .and, recommended /that in future work the 
- - concentration .of t such fragment molecules should be 
reduced^ .by £ast differential pumping. 

..,,,-Lev;enthal. (in Gas Phase Ion Chemistry, Vol 3 ed. 

Michael T. v Bowj^rs Academic Press "Inc, 1984 pp309-355) 

describes results .on the emission of light from excited 
: r . - products Qf charge exchange reactions- Optical 
- . ~ radiation Is analysed after passing from a collision 
^ cell in. ,a single focusing mass spectrometer. Interest 

centres around the behaviour of simple mono "to triatomic 
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ions and target gases. Some similar work has also been 
"described by ¥ig<^r ~et ' (Ptiys . ' ReV. iiktt." Vol 52 1984 

.£906) . ■ ; ? . ; _ r _ \ ; 

Holmes, 'Mayer "arid Moiraners "( J. ibaer. ~Cfrem'. Soc. 1991 
vol 113(24) pp~~9405-6 and ""Or^. Mass" ^Specrtrdm. ' 1992 , vol 
27 (4} pp537-539)' observed' emission" spectra from H 3 + , 
H-+ ; , CH 3 CHO + V C^CHOH^ , ' tH 2 CH 2 6*V " 'CH 3 : CH 2 Cl + * ; arrd"" CH 3 C1CH 2 + * 
.prpduced by collisions between itfass^serecte J d ion beams 
and target games' in the "cdfrrsidn'Yeg'itiW 'between the 
magnetic sector and electrostatic s'ect'of "of 1 ^ 
conventional high 1 f esoiiitioh dfoubl^-f ocusfng mass 
spectrometer V. They "demdiirstrate^d *t^"it thi isomeric ions 
'cH3pH 2 Cl + -;an^ CT;ciCH 2 *%">n&' ^CHO'^; ctT-CHOH^ and 
<bHoCH,6 +# could*"be"d£stinguisfied c By their -^mlsrs ion 

spectra. . 

However, the" simple "design *6f the -collision cell 

.■used in this? work' was such" that 'only re'Iatf^iry 

. long- lived" excited, states {blipsy couid be studied, and 
emissions from target' gas "and €he 'metal Surfaces of the 
cell caused fay col lis ions" wit fi scattered ' ions "were r 

.troublesome. ^ , 

it is an ofc> j ect ^ o| C tfie'^r es'ent "invSfttlort"* to provide 
an improved'" "coll is ion" eel 1 arr^figertient "with "means for 

.observing the emission spectra" of -s^feciii" within it 
which is. suitable for* use" in a 'mass kpeSttometer . It is 
another object of" the" invent ion "to* p£oyi&e c *a mass 
spectrometer iWc"qrpo"rating"'sudh fc a*' collision* cell 
arrangement. ' " 

The invention provides" ^stb^tknt^ali^ enclosed 
collision cell means, bounded by a" Va r ii/"Wld- wall 
having entrance and exit ajpertirrW^ toiro^^ which an ion 
beam may be passed to traversV sWitf 'ceil L means , wherein 
said cell means comprises ah ^obsfefvatlorf /region^ therein 
adjacent said entrance "apertur ef : arfd* having 3 ^ window in 
said wall through which radiatibi? ^fenerated^ In said 
olDservatioh region may pass*/ J and", disposed adjacent to 
said exit aperture and iri communication' with said 
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observation region, an exit region comprising 
,rad,iation-trapping means for minimizing the transmission 
to said window of radiation generated 1 in said exit 
region. 

Cell means according "to the/ invention are typically 
disposed within the vacuum envelope of a mass 
spectrometer 1 intended for Collision induced dissociation 
studies _and may replace a collision cell conventionally 
provided in any such instrument. A vacuum-tight window 
may be provided , in the vacuum "envelope to permit 
radiation emerging from the ^window* in the collision cell 
to .leave the vacuum envelope and pass ifito a suitable 
optical monochroinator and " detector I " In this way the 
optical spectra of species" undergoing spectroscopic 
transitions in .the observation region of "the cell means 
can.be recorded.* Preferably both windows' are of quartz 
.and, are connected by a light-tight : tube with a highly 
polished interior surface. 

As in conventional tandem mass spectrometry 
.experiments, ^ ions, entering the collision* cell means 
. collide with^ molecules' of the target" gas. The emission 
spectrum pbserved arises from species, chargfed or 
neutral , resulting from interactions of the mass 
selected, ipn~ bearn^ with the" target gas within the cell or 
(see, below) within a zone before the* observation cell. 
By passing the ion "beam' from this observation region of 
the. cell means into thV exit r'egibn which comprises 
r^diatipnr- trapping means, "interference to the desired 
collision, induced spectrum is* greatly reduced because 
radiation resulting from "the impact of* the "ioii beam with 

the wall of thW collision cell means' "in -the vicinity of 

• ir ,, ;.vr-;; >'i \.. : \- • - ■*» 

thes cell exit aperture is absorbed by the 

radiation-trapping means provided in the exit region. 

The. radiation-trapping mean£ may conveniently comprise a 

blackened coating on the "wall of the cell mfeans in the 

-.exit region .(for example, a coating of ~ carbon particles 

applied to the surfaces by" painting a solution of 
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colloidal graphite on them during assembly) . Preferably 
the observation region of the "cell means'* opposite to the 
.window comprises a highly polished concave surface, for 
example, hemicyliridrical- 

The invention further provides a mass 'spectrometer 
comprising at least" an fori source,* a mass analyzer 
and/or. energy analyzer for prbvi4ing a mass and/ or 
energy filtered 'beam of ions/ collision "cel'I means as 
defined above disposed in 'tHe j>et€li of "said* beaTm of ions, 
and spectroscopic means for "recording at 'least* a part of 
the spectrum^ of radiation passing 'through the 1 Window in 
the collision pell means ^ "c6nvferi£ently tHe mass 
spectrometer will further compfise^an ion "detector and 
at least one further mass 7 ^ 

analyzer disposed between "the collision cell -means antf 
.the ion detector to enable " compl*ete"tafidem m^ss 
spectrometry experiments to 6e * performed : whili observing 
the emission spectrum of 'species" in the" collision cell 

means., _ . , _ . _ f , 

"it will.be appreciated that the species whose 
emission. spectrum is' observed need' not* be 1 formed in the 
observation' region itself. A second , conventional , 
^collision cell*; may be disposed in the path' 6f"the ion 
'beam' before it /reaches the collision cfeli* means of the 
"invention v , A conventional collis ion ceil means any 
design. of collision eel T suitable' for ailowihg an ion 
..beam fco undergo' coil is ions therein, for" example with a 
target gas contained' ther^ beam may 

undergo callisibns in /the seco^^ the 
.spectroscopic transition some Vime 1 Tat4lT as"' they pass 
through the eel i means according^ 'to' the; xriVefntion so 
that\their emission spectrum ckl)e bbsetv^dv* Using a 
cpnventional tandem mass spectromete'r ' this" method is 
appropriate for species whose excited state' c has a 
.lifetime of XKl/zS or sd. It "is ^Tso possible to vary 
the energy of the col lis ions ( and €h'e*tr : anis it time of 
ions between the' cells by adjusting the" ^potentials 
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applied to the cells themselves. 

Typically the radiation observed" wi 11 be in the 
UV/visible range, from 180-680 nm, but other ' wavelength 
ranges may be used providing suitably transparent 
windows are employed. Any suitable monochromator and 
: phqtomultiplier may be used to record the emission 
spectrum. 

An embodiment of the invention will now be 
described in greater detail^ by way' of example* only and 
with reference to the figures, in which: - 

figure 1 is a schematic diagram of k mass 

spectrometer incorporating a collision cell 

according to the invention; 

figure 2 is a drawing of a collision cell according 
to the, invention; and. 

figure .3 is a drawing showing how the collision 
.cell of figure 2 is mounted in a mass" spectrometer 
. according to the invention. 
. ■.- Referring to figure 1, a mass spectrometer 
generally, indicated by . 1„ comprises an ion source 2 which 
.generates, a. beam of ions 3 which are momentum dispersed 
by a magnetic, sector analyzer 4 to produce a 
momentum-selected ion beam 5. Two conventional 
collision cells_6, 7 are provided in the "path" of the ion 
beam 5 and a collision ceil 8 according to the invention 
: is disposed- after., them. _ 

^ ^ After-, emerging from r the dp 11 is ion cell 8 the ion 
beam_ passes, into an electrostatic energy analyzer 9 as 
in , a. conventional, doubly- f ocusing spectrometer . A 
deflection, electrode, 11 is provided to deflect the ion 
beam emerging -from the .electrostatic analyzer 9 into an 
off -axis ion. detector 10. . 

. Sp.ecies undergoing spectroscopic transitions in the 
. observation- region of the collision cell means 8 emit 
radiation 12.. which passes through a monochromator and 
. photodete.ctor u, which are controlled by a spectroscopic 
data acquisition system and controller 14 so that the 



spectrum of the radiation may be recorded- Typically, 
the UV/visible emission spectrum^ from about 180-680nm 
would be recorded but* other wavelength ranges may be 
used with suitable spectroscopic" equipment. 

* Figure 2 illustrates the construction of "a 
collision cell 8 'suitable for use'in the spectrometer of 
figure 1. It comprises an bbservatiori region' 15 and an 
exit region 16 disposed so that the ion beam 5 passes 
first through 'the observation region" and then through 
the exit region. The two regions are separa^te'd by a 
slit plate" 17 * which cdmprises a rectangular "aperture 18 
which provides* communication" between them, so that ions 
may pass from the ^observation region to ~fche exit region. 
The aperture 18 is large enough to ensure that the ^ion 
beam passes through It without * striding "the plate 17. 
The observation region ""15 is 'formed in a rectangular 
block comprising ah Sbservatiori * eel i "body portion 19 and 
an observation cell cover ^portion 20. "A rectangular 
section trough" is* machined In " the : bbdy 'portion 19 to 
define the wall 4 6 which" bounds the collision cell means 
and a circular hole' 21' is" 'made 1 ' 'in" its -baie r "as ' v ■ 

illustrated in figure 2 Hole ^i"ls°cl66ld "kf ter 
assembly* by the wihdow J 2'2 and ihsulatdi* 23 (figure 3). 
The cover portion 20 comprises " a feabhifi^d 'trough of 
hemicylindrical* crosS-section'and^Ts fitted shown in 
figure 2 . 

The inside surfaces' of* th^'bbd^^oitibn 19 and 
cover portion ~2Q are highly polished ~td" ensure that 
radiation "generated^ in "the o'jbser^^^ is 

Reflected 1 through ^the "hole 2i; 5l Th'e fefcit^portion 16 
comprises an exit regloK bod^ exit 
region cover portion "2 6 inachin^d a^shbwh to'^efine a 
region into which the ionV p^ass' 'ufr^ugh^ ^e- aperture 18 
in the slit plate 17 V tfhe inside sla*fttfifc6 of the body 

"and cover portions 25 and 2 6 ;* ar# LlacKfeTxted" *y * a deposit 
of fine carbon particles' 'thereby providing 

' radiation-trapping means which pr"eVent J any radiation 
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emitted in. the. exit, region .from being reflected back 
into the observation region- The carbon particles may be 
applied by. painting a colloidal solution of graphite on 
the surfaqes and ^evaporating th.^ solvent. 

- - The .ends of the observation region is and the exit 
region 16„ are . closed by slit glates 27 and 28 
respectively.. , An entrancq j^perture 47 is formed in the 
slit plate 27 _and ai\ exit r aperture 29 is formed in the 
slit plate 28. Apertures 4.7 .and 28 are both smaller than 
the -aperture 1.8 in plate 17 to ensure that the ion beam 
-5 does not strike .the surf ace of .the plate . 17 " inside the 
observation .regipn ^15 . ; 

. . . The four portions ,19, 20, .25 and 26 and "the three 
-slit -plates. 17, 27 and 28 are assembled on four ceramic 
rods :r .30 .which .are -fitted with spring washers and 
circlips ^31 to .tension . the. assembly. ? wo focusing 
electrodes .32 , electrically, insulated from the cell 

; by the tubular:.. insulators _ 34 , are fitted to the ends of 
the cell on, the r rods 30 as shown. JThese aire used to 
-ensure ..proper focusing of the ion beam as it passes 
through -the c^llif iprvcell as in a conventional mass 
spectrometer collision, cell. 

iT \ Figure. 3 villus trates^ how the collision cell means 
; shown c in figure- 2 f may.be. mounted on. the vacuum envelope 
: of. the v mass spectr pmeter . The observation* region body 
portion 19 : is ; . attached, toj a circular support * plate 3 5 
: which; is-, in. turn. biDlted. tg> a flange 3 6 on : a hollow 
; support- <tube, 3.7 :/ . but .separated* from it^ by ~th'e PTFE 
insulator.-23.r.Fp.ur bolts, (not shown) are fitted through 
insulated Pushes in. the holes 38 in the support plate 
: 3.5 .; This arrangement permits the cell means 8 to be 
f loated, at, any potential (to control the energy of the 
ipji-molecule collisions inside it) while the support 
tube 37 7 remains .at groxind^potential. A quartz window 22 
is fitted on an 'O'-ring seal in such a way that the 
cell means, 8 is substantially gas-tight (except of 
course for the apertures in the entrance and exit slit 
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plates 27 and 28) , but optical radiation can pass from 
the ^collision region *2"4 through* the hole 21 (and similar 
holes in "the "insulator 23 1 arid* support plate 3'5) through 
the window 22 'into the ihteribr of -the support^ tube 37. 

A flange 40' is attache'd "to* ttie end "of the 7 tube 37, 
permitting it t6 be bolted to a* vacuum flange 41 which 
is "adapted to fit a port" on the"' vacuum en verlop'e of the 
mass spectrometer." "Che pbkition of this- port and the 
length of the "tube *3> are selected to' position- the 
apertures in'th^ slit p'lat'eV ? "?7", 'lV and -28 : in "the path 
of the ion beam 6£ the 'mask speatrtfrfete'r.^To ensure 
efficient analysis "of "t^e "r'adiatrori- the siapport tube 
should be as short as possible . : 1 l '°The centre i ^bif? the 
vacuum flange 41 is bored 6ti€~tb : tak* a -view port 42 
which ' comprises S a 3 s^ort €uT§e'f3 'carrying --a -Quartz window 
44 as shown? Tile' viiw pdr€ u f lingers Volted -to the " 
vacuum flange 41 "and 'sealed b^ an" 'O^-rrrig-455-r 
;*"" ihe" interior of "the "support tube £ 37'" is> highly 
polished to" ensure maximum" transmission bf-'opfeical ~- 
radiation 'from : 'the = "wihd6w 22 : to 3 tne r winddw 4'4-f Holes 
are also provided in tne^€u&e-'37 to^erisure tfia-t its 
interior is maintained " at"' thl : same pressure -as the ~* 
interior of the mass spectrometer vacuum" envelope. 

" A conventional opt icai' : spectrometer 1 (shown 
schematically aV 13 " in Figure" 1) is ' disposed to receive 
the radiation which paiiis through tne'window" 44 . In 
this way" the" spectrum 0 "©^^^" radiation ertiitted from 
species 'und'eYgorng'" ^&<^t0^^ix^^anAhi^s^-'±n the 
observation r eg fon 15" can de%eriliii-fed i '"WitAb«it- 
^inVeWerence' "from' 'raolfa-tioh "re-sulting-'f rbm-' any collision 
of \he i6h beak" or' s^catteSre'd- species Vith^ %he- surf aces 
of the collision cell" itself . :x '^h^'s-^& ? achieved by 
'allowing the^beam to pdtss into' the? exit-'reglbh of the 
: 'celi which is provided with radTation Wappihg means to 
prevent the "latter radiation i reWhTng' trie spectrometer 

13. " 

In use, a target gas "may ire f introduced" -dnto the 



- 10 - 

collision' region 24 of the cell- means "8. A' J mass-selected 
beam of ions 5 enters the cell Wrd ions in it undergo 
fragmentation ahd/oif collisibnai excitation. 
Collisionaily excited species may then- ^emit- radiation 12 
which 'passes' out of 'the' bell* into' the spectrometer 13. 
In the embodiment iTlustrktedv ^e radiation leaving the 
cell means 8 is~ detected "in the plane Bi which the 
momentum dispersibn~ bf the 'ion beam 5 takes place 
because it is easier in practice to modify a mass 
spectrometer of conventional design in this way. 
However, it is within the scope of the invention to 
arrange the windows 22 and 44 and the optical 
spectrometer 13 to detect radiation emitted 
perpendicularly to the dispersion plane of the mass 
spectrometer. The embodiment of figure 1 shows two 
conventional collision cells 6, 7 in addition to the 
cell means 8 according to the invention. These 
conventional cells can be used for a variety of 
different experiments. For example, ions may be 
collisionaily excited in the cell 7 and radiation 
emitted be observed in the cell 8 (which is operated 
without a target gas) . Similarly, species produced in 
the cells 6 or 7 could be collisionaily activated in the 
cell 8. Further, the energy of ions, and their transit 
times through the entire collision region, can be varied 
by applying different potentials to the cells, as in 
conventional tandem mass spectrometry experiments. 
However, it is within the scope of the invention to 
provide only the cell means 8. 

It will also be appreciated that the species whose 
emission spectra is monitored will exit from the 
collision cell means 8 and can be further mass or energy 
analyzed in the mass spectrometer as in conventional 
tandem mass spectrometers or mass and ion-kinetic energy 
spectrometers (MIKES spectrometers) . The conventional 
two-sector spectrometer as shown in Figure 1 provides an 
electrostatic energy analyzer 9 and ion detector 10, 



- - - - - 11 - 

thereby allowing MIKES, type spectra to b^ produced, but 
it- is. within the scope % of ibhe in vent ion to provide 
further magnetic. sector .^palyzers and/or electrostatic 
analyzers in. place^of, the .electrostatic sector 9. The 
magnetic, sector, ^naly.z,er 4^ may also be replaced by a 
double-f opusing. ma^s_an^lyzer comprising both _ 
electrostatic and magn^tj.^^^ptqjrs to provide high 
resolution mas^s f Uterine^ jof, tj\e. beam 5 L . _ 
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Claims. . : . ........ 

1. A substantially enclosed collision cell bounded by 
a- wall, said wall having, an entrance aperture and an exit 
aperture through which an ion beam may be passed to 
traverse said collision cell/ said collision cell having 
.an .observation region therein adjacent to said' entrance 
aperture _and a first .window in said wall "through which 
radiation generated in said observation region may pass, 
and, disposed. adjacent to said exit aperture and in 
communication w.ith _said ^observation region, an exit 
region .^comprising .radiation-trapping means for minimizing 
the* .transmission ,to _said first window of ^ radiation 
generated in said exit region. 

2 ... - „A collision cell .as claimed in claim 1 wherein said 
-radiation-trapping ..means comprises a blackened coating on 
the. wall o| T said ( collision c^ll, in said exit region. 

3. A collision cell as claimed in claim 2 wherein said 
blackened coating comprises carbon applied by painting a 
.solution r of -colloidal graphite 911 said wall during 
- assembly., of „ said., cell. . . 

A collision. cell as claimed in any previous claim 
wherein the */al.l of .said cell in said observation region 
opposite to said first window comprises a~ highly polished 
concave^ surf ac^, ~_ . _ 

5. ^ ... A., speptrjcimeter comprising a collision cell as 
claimed in any_ previous claim disposed in a vacuum 
envelope,, m^ans for passing a beam of ions from an ion 
source . through .ssid entrance and exit apertures, and a 
second window in said vacuum envelope through which may 
pass radiation which has passed through said first 
window. 
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6. A spectrometer as claimed in claim 5 wherein said 
first and second windows are connected by a light-tube 
haying a highly polished interior surface. 

7. ' k spectrometer as" claimed In either of claims 5 or 

6 wherein a" monochromator and >' detector are provided to 
receive at least some "of the" "radiation" pSssifhg through 
said first and ' second" Viridows "to record thfe optical 
spectrum of species "undergoing" ' <5pectr6§cdp±e transitions 
in said observation region. 

8. /A spectrometer? as Claimed 1 J fn*' ajffy : <rlkiins 5, 6 or 

7 wherein 'said "first "and ^ of 
ouartz which "transmits radfaticin of ^aVef^^nSgths "at least 
in the range 180 - 680 rim. ■■>•■- 

"9'. A spectrometer as "aiaii^d ifi "any "'of ^claims 5, 6, 7 
or 8 wherein sail rowans' rof "p"assiri§ 5 a"S^Sm^6f -ions 
comprises r "a~mass arid/or "efigrgy : afia£yzef f df 'pifoviding a 
mass and/or energy filtered beam of ions from said ion 
source . 

10 . "X spectrometer' as "claimed'" iri^elainrSi -further 
comprising an ion detector "disposed to - receive fons 
leaving said exit aperture and at least one further mass, 
'momentum 1 and/ or energy IfUlyler r disposed between said 
collision" cell arid said iorf" detector . *~~ 

11. A spectrometer as claimed ln°any- of 5 claims 5 to 10 
further, comprising a conventional collision cell disposed 
in the path of %hVion beam betoBF* iVlr%akhes skid 
collision cell/ whereby ionV undergo^ coil±slons" in said 
conventional collision cell? ari^c? u^d^rgo spectroscopic 
transitions during their subs-eg^ferit paVsagfe through said 
collision eel IV ' ' 

12 . A spectrometer as claimed in claim 11" "wherein 
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potentials are applied to said collision' ceil and to said 
conventional collision celL to* adjust the energy of the 
collisions in said cells and/or the transit times of the 
ions through said cells. : - * _ • 
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